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Editorial Notes 


May the Maker of all-make this journal a success. Bless- 
ed is the name of the Lord. May He bless the workers of the 
Arama with a happy and prosperous career as servants of the 
World which is only the Lord Himself objectified. May He, 
that has created us in His infinite wisdom, lead us to the light 
that is beyond all darkness. 

+> : > o 

WE have great pleasure in presenting to our subscribers 
this first number of VoLUME V. We feel great satisfaction at 
having been able to complete the first four volumes of this 
journal arid to start the publication of the fifth. This literary 
arid scientific work has become possible largely for the steady 
support our subscribers have given us, and with deep sense of 
gratitude we offer our heart-felt thanks to them. “Our sub- 
scribers may rest assured that we shall spare no pains in sery- 
ing them at least as: faithfully as .we have been doing up to 
now,,and..make this volume as interesting and instructime.as 
any.of its predecessors. 

It is, however, to be remembered that the scientific _ 
research work which is being published in this journal and 
which is-mainly responsible for making it so authoritative and 
attraotive, would ot.have become possible simply for the 
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support of the subscribers. It is the patronage of some of the 
ruling and merchant princes that is enabling .ug.to conduct 
our researches.;, We. feel deeply: indebted, to these patrons of 
ours and, we*strongly hope that our readers will join us in 
offering” them the warmest of thanks for thus promoting the 
..w«@luse of scientific Yoga for the good of humanity. 
+ + > 


WE have also to record our heart-felt thanks to the 
famous Yale University of America for feeling interested in 
Yoga. Early in 1932, this American University sent its 
research fellow, Mr. K. T. Behanan, to India for studying Yoga 
on the spot. Mr. Behanan stayed at the Kaivalyadhdma for 
nearly a year and tried his best to learn as much of Yoga as he 
could in a year’s time. He has now returned to America, 
The sense of gratitude felt both by Mr. Behanan and the Yale 
University for the facilities given to Mr. Behanan at the 
Agrama,. has been recorded. in an official letter sent to us by 
Prof. Roswell P. Angier, the Chairman.of the Department of 






Psychology. Our readers will find this letter: published -in.. 


the Miscellaneous Section of this number. 


It is to be noted that the Yale University has already 
started scientific research in the field of Yoga just after the 
fashion of the Kaivalyadhdma, with the help of Mr. Behanan. 
The co-operation thus started between our Agrama and the 
American University, is very likely to lead to further develop- 
ments and may be taken as a harbinger of the dawn of that 
era which will witness the happy co-ordination of Eastern 
and Western civilizations. 

> > > 


As mentioned in the last number of this journal, Prana- 
_yama will continue to be the principal theme of this. volume. 
Our readers will do well to remember that the subject of 
Prapayama occupies a very important position in the study of 
Yoga. Pranayama may be rightly said to be the connecting 
link between the bady and the mind. The higher stages of 
Yoga, namely, Pratyahara, Dharana, Dhyana and Samadhi are 
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so closely connected with Pranayama, that a thorough under- 
standing of the physiology of Pranayama is absolutely essenti- 
al for understanding the psyeho-physiological aspects of these 
stages. It is because of this supreme importanct@f the phys- 


iology of Pranayama, that we are devoting so much Stbention 


pet 





to the subject. Hereafter we will be taking our readers inte 


the finer studies of physiology in general and the physiology 
of nerves in particular. We have, therefore, to request them 


to pay closer attention to the study of this journal than what , 


has been given to it up to now. 
> > > 
Our readers need have no misgivings regarding their 
capacity to understand these finer details of physiology. From 


- the very beginning we have visualized our reader as a smart 


matriculate, and have ever endeavoured to make things easily 
intelligible to such a reader. So whenever there is any difh- 
culty in following any of our discussions, our readers should 


take-it for granted that the difficulty is due to their not hav- 


ing digested the scientific material published in the previous 
volumes of the journal. Any readér that thoroughly studies 


Yoga-Mimdnsd from. the very beginning, will find every sub~ 


sequent number as easy to read and understand as a novel, 
+ > > Ga oA 

DIGESTING so much scientific material does mean con- 

siderable labour. But this labour will give its own reward. It 

will give every reader a clear and intimate knowledge of the 

vital processes working in the human body and will enable 


him to intelligently understand the scientific bearings not only 
of Yogic exercises, but of physical exercises in general, and also 
of any physical activities that he undertakes m his life. It will 


prepare him to follow the psycho-physiological discuss as 


. 


that will come up in this journal later on, and will give hit an” 


intelligent grasp of the stages of Pratyahara, Dharapa, Dhyana 


and Samadhi. Thus it will be seen that no student of Yoga can: 
afford to grudge spending time and energy over the study of” 


the scientific information that is being supplied in this journal. 


Nor is there any reason for anybody to despair over the study 
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of Yoga-Mimdnsd. As stated above a systematic study of the 


journal from the beginning) will make 82 reacane, enjoyable i 


of a iar ah ‘ et ae ee 
| as that. 1 one »: 
the practical students of Yoga ens find the:study 
ET ak imdnsd indispensable. It has been invariably found 
that the theoretical knowledge of an exercise doubly strérigth- 
ens the faith of a student of Yoga. He is also able to discuss 
successfully the merits of a particular exercise with people 
who are prejudiced against Yoga-and who try to’ infect others 
with their prejudices. How we wish that every reader of 
Yoga-Mimdnsd should be a centre of Yogic activity. He 
should not only try to develop himself physically and spiritu- 
ally, but should try to lead others along the path of Yoga as’ . 
best as he can. 
¢ © 
.,., Dousts expressed in this tates regarding the accuracy 
‘of Haldane’s methods of sampling,the alveolar air, have been 
raised in our mind during our expétimentab: workin: the 
laboratory. We have expressed them here-with a ‘view to seek 
light from those scientists that may. be interested in’ this 
method. We shall, therefore, thankfully receive any criticisri 
that may be ps to us in this connection. 
° o 
WE beg is draw our reader's attention to the needs of thé 
Agrama published in the Miscellaneous Section, . Theréin will 
also be found a Classification of .Donors.: In the next numbet 
we shall publish lists of our Patrons,-Fellows and Permanent 
Members, and give details of our needs. To-day we wish to’ 
content ourselves with telling.our readers that the Asraimay ‘like: 
every other growing charitable institution, needs large funds 
and that we appeal to our nig. aaa" for help. 


May the Tied that sigbied us to found the Aérama, “give 
us strength enough to carry on its work! May He ever widen 


the circle of our sympathizers and thus allow: us to serve’ Him 
and His children to the best of our ability |. 
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SYSTEM" OF TRANSLIFERATION 


Letters, their’ stwnids, and 4dfesorljition ‘of these sounds :— 


Ew 
(ang) AUM Pronounce ‘au’ like ‘o” in ‘home’, 





aw A 4 mar a Sa pg 

ar oA + ‘a>, fa?) y * far’. 

R. .E.. va Lp i ae tata > 

. ene as a 7 

g U re ‘a’ » ‘au’ ‘fulsome’. - 

a U ro ‘hi » ‘oo"., *waol”, 

* ORI . ‘i? | frOE5 © German. 

% RI gee’ tphh oo ter Trae ary, » with ‘a’ stron 
accent,’ 

ee si hg >» ‘le’ ,, German, 

rc ms ey° o ‘me’ » "tate. 

f& al : ‘ai’ ig, fai’, ~~‘ aiisle’ but nét drawl 
ed out: - 

ar 620 a ‘9? oe tg )6=| ee 

a AU " ‘an’ =, fou” 4, ‘ounce’ but nbtdrawk 

ed out.:: 
af KA ‘k’ a. "ee ot Shel", | 
a KHA ” ‘kh’, ‘kh’ ,,  ‘ink-horn’ or like ‘ch’ 


in ‘Loch? ( Scottish ), 


" GA id tg? » ‘8 » ‘girl’. ; 
GRE, at Stay capone oh ghenl 
= NA nH? og ng, thing’ on “ankaenye! 
a CHA e ‘ch? 4, «eh? ,, ‘church’, | 

Ss CHHA ™ ‘chh’ ,, the second ‘ch? in ‘ churchill e 
a ne a, wn: ae as a 

gq gHA°’° jh? | palatal ¢a” ay in ‘ dbare’. 

a WA yk Segre SS eye ae a 
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SYSTEM OF TRANSLITERATION 


eo Ye 


TA  Propoungg’*t* like *t? in...‘ tab”. 
THA» 7 is th’ ,, ‘th’ ,,  ‘pot-house’. 
DA ae a” » “Ss ~« “sons 
DHA = ‘dh’ ,, ‘dh’ ,, ‘mad-honse’. 
NA = ‘ny? oy ‘n” 4 ‘splinter’ or ‘and’. . 
TA a ‘¢t* ,, dental ‘é’ as im ‘thin’ or like the 
French ‘T’. 
THA ” ‘th’ .,. ‘th’ in ‘thunder’. 
DA 9» ‘°°, «6 Hh": ,)~Ss * then’. 
DHA 7 ‘ah* , “Sh” ., ‘thin’. 
NA es ‘a lg OC 
PA: -: = in” gw, OP OO 
PHA ” eo it ete “ph’ » ‘top-heavy’ or ‘gh’ 
3 _. in ‘laugh’, 
BA "7 a ge BP ory ‘ balm ’ : % 
‘ BHA ” ‘bh’ ,, ‘bh’? ,,  ‘hob-house’. 
MA ” ‘mo 4, mm” ot | Temes 
YA ts i ca ke 
RA we — . = _ “sab. 
LA si gw (FE Oy CE 
VA ” ty’. yo fw 4 | wane’. 
SA » ‘@ 4 ‘dh’. ,, ‘ashes’, 
SHA * ‘sh’ ,, a strong lingual with rounded lips. 
SA “ ?." » ‘8 im ‘oun’, = 
HA ‘a ‘hh ., ‘*‘h* , “hem? 
LA A dento-lingual pronounced with a little rounding of lips. 


Nasalised q as in @qa—M; Nasalized ¥ as in deu—M ; 


7 mo qare—M; a4 
. Nasalized q as in sftatar—n ; Visarga—H. 
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The Scientific Section 
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Po alll 


ifthe impatient 


N. B.—Those.of our readers that claim no acqttaintance 


with Anatomy iand.Phigsjology.will,do well to 
read the Semi-Scientific Section first. 


ALVEOLAR AIR COMPOSITION EXPERIMENTS 
a _ INTRODUCTION | 


J. 5. HALDANE has laid so much stress on the'Composition 
of alveolar air and especially on the COz percentage in itthat, 
no student that wants to investigate Yogic exercises in Prana- 
yama, can afford to lose sight of this subject. Hence we have 
been studying the question of the composition of the alveolar 
air and its bearings on Pranayama. Our research work is still 
in progress and it will take a long time before we can finally 
formulate any theories of our own. In the meantime it is 
proposed to publish our research work bit by bit, so that we 
can receive from the scientific world criticisms which are 
bound to be of great help to us in our work of Yogic investi- 
gation, In this number only eight experiments are being 
published. Even when we do not want to arrive at any 
generalizations on the strength of these experiments, it will be 
worth our while to examine the results and see how far they 
agree or disagree with the results already obtained by physio- 
logists in the West. 


These eight experiments have been done with a view to 
verify the general conclusions of Haldane in which he says 


that the deeper parts of a very deep breath have exactly the 


same composition as the middle parts. 


In the collection of the alveolar air and in getting a 


sample from it of the deeper and the deepest parts, we have: 


used a different method from the one-devised by Haldané and 


by 


oe 


Priestley. In our note on the ‘Alveolar Air’ in the Sewmi- 


Scientific Section of this number, we will discuss though briefly, . 


why we find Haldane’s method to be possibly unsatisfactory, 


and also how our method is calculated to give more accurate 


results. In the experiments under description, we have used» 


the last 400 to 500 c.c. approximately of the deepest expiration 
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for our sample, the first 200 to 250 c.c. representing the. 
deeper parts of the alveolar air and the other 200to 250 cc. 
supplying us with, the detpest parts of the sartie. We believe 
that physiglegists are agreed in admitting that the last 500 c.c. 
of the-deepest expiration would surely belong to the alveolar 
part of the expired air. 


There ig one point of real importance regarding the 
sampling method which we have followed in the experiments 
under discussion, which requires some explanation. Haldane 
and the physiologists of the opposite school, are agreed in 
saying that during the process of expiration the CQ, percent- 
age in the alveolar air would increase. During rest, accord- 
ing to Haldane, this increase would take place at the rate of 
O'l per second. Now in our experiments the middle part of 
the alveolar air was collected in the sixth second whereas 
thé last patt was collected in the seventh second. That 
means the second sample was collected one second. later than 
the first sample. Had the seventh second’s sample been 
collected in the sixth second, that is, one second earlier, it 
would have shown a smaller percentage of COs, Hence for 
the sake of accuracy, the COz percentages found in the last 
samples of the alveolar air, must be shown 0'1 per cent. lower 
than what they have been shown in the tables. As we are 
going to point out later on this deduction of 0°1 per cent. 
does not at all materially affect our position. On the contrary 
it goes against Haldane’s proposition. 


The proposition that every second of expiration would 
add 0°1 per cent. to the COQ; in the alveolar air, is to be re- 
ceived with great caution, however. In this connection we 
might refer our readers with great advantage to the experi- 
mental work published in the fourth number of the last 
volume. There we have determined COz percentages in the 
expired air, the process of expiration lasting over different. 
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time units, such as 7", 14", 21" and 28 seconds, The CO2 
percentages in the expired air for these time units were found 
respectively to be 5°22,.5°38, 5°69 and 5°95, which fail to sup- 
port the proposition of Haldane. oe 


It is true that the COz determinations, aeaod: tot “Wethe 
last paragraph, were done with the entire expired air and not 
with the alveolar parts of it. According to our view, however, 
this does not matter. A reference to the table given at the end 
of this introduction, will show! that in our experimental work 
we find greater COz concentration in the expired air as a 
whole than in the alveolar part of it. Hence delayed expira- 
tion, if itis to show a higher percentage of COQ:, would show 
it in the entire expired air rather than in the alveolar part of 
it only. 7 | i 

Having thus discussed one possible objection against our 
method of securing the necessary samples, we shall proceed to 
study some of the results of our experimental work, trying to 
see how far they agree or disagree with Haldane's conclusion 
under discussion. 


For the eight experiments published in this Section, al- 
together four subjects were examined, all of them being 
examined twice for the same type of sample and two of them 
were examined four times for similar samples, The results of 
the first examination were entered in the tables under ithe first 
attempt and the results of the second examination under the 
second attempt. In the case of the two subjects that under- 
went four examinations, the results of the third and fourth 
examinations were shown under the first attempt and second 
attempt respectively, they being treated as altogether different 
subjects for the third and the fourth examinations... Thus 4 
and B were examined four times. But their results of the 
first two examinations were shown against their original naMnesy 


| Compare columns 2 and 3, 
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whereas the results of the third and fourth examinations were 
shown against the names A’ and B' respectively.” There was 
sound reason fortreating them virtually as~different subjects. 
The firstwo ‘examinations and the last two examinations were 

iftited at an interval of about three weeks, that is, possibly 


“under different metabolic conditions.! Generally speaking the 


first and the second tests were carried out on successive morn- 
ings, all the first tests of a subject being instituted on one and 
the same morning, and the second tests on the next morning. 


But the question as to whether the tests were carried out 
on successive mornings or otherwise, is immaterial to us so 
far as the present experiments are concerned. Here our com- 
parisons lie between the middle parts and the deepest parts of 
the alveolar air. We have taken good care to see that these 


two sets of parts were always secured in the case of every 
subject not only on the same morning, but also from the same 


deep expiration, as was absolutely Rocaaeay for getting ac- 
curate results.? 


The first experiment was done for finding out the COz 
percentage in the normal expiration of the subjects whereas the 
second was done for determining the same in the deepest ex- 
piration at the end of deepest inspiration. Experiments III to 
VIII were performed for comparing the COz2 percentages in 
the middle and the last parts of the alveolar air of three differ- 
ent types—one, alveolar air collected from the deepest expiration 
at the end of normal inspiration; another, alveolar air from the 
deepest expiration at the end of normal expiration; and the 
third, alveolar air from the deepest expiration at the end of 
deepest inspiration. Table XII shows us the comparison be- 
tween the CO2z percentages in the middle or the last but one 

i: This ig trae especially in the case of the subject appearing as B and H’. 
When be was examined as B, his health was quite indifferent. 


2 Variely in the metabolic activities of the different subjects has yielded more 
reliable averages. 
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part and the deepest or the last part of the alveolar air of the 
first typé,; that is, alveolar air» collected from the deepest ex- 
piration at the end of normal inspiration.. This comparison 
shows that in five cases out of six, the middle part’ ‘contains a 
higher percentage of COz than the last part, in one caséuthe 
difference amounting to as much as 1°45 per cent.! If we“ 
lower down the percentages in the second column because of 
one second’s delay in collecting the sample, the contrast be- 
tween the two sets of percentages becomes still more striking. 
Table XI presents us a comparison of the CQ2 percentages in 
the middle and the deepest parts of the alveolar air of the 
second type, that is, alveolar air collected from the deepest 
expiration at the end of normal expiration. Here also in five 
cases out of six the middle parts contain a higher percentage 
of CO than the deepest. parts. The consideration of one 
second’s delay in collecting the deepest part, would again make 
the comparison still more striking. Table X gives us somewhat 
different results. Here the middle part shows a higher per- 
centage of COz than the deepest part, only in two cases out 
of six. This difference may be due to the fact that this collec- 
tion of alveolar air was made from the deepest expiration after 
the deepest inspiration and not from the deepest expiration 
after normal inspiration or expiration. 


These comparisons very clearly point out that the middle 
and the deepest parts of the alveolar air are not necessarily 
uniform in composition. The differences tabulated in the three 
tables under reference may not appear significant to an un- 
scientific mind. But in examining Haldane’s theories we 
have to take account of differences as small as 0°2 percent.,. 
because according to him that much difference in the COz 
percentage in the alveolar air would considerably affect the 
process of respiration. 


In discussing Table XI, we have considered the COQ, 
percentage inthe last part of the deepest expiration after normal _ 
expiration, as the CO2 percentage in the alveolar air, We. - 
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have done a similar thing in our discussion on Table XII. 
Now it may. be. pointed aut that the CO2 percentage in the 
alveolar air is te, be determined by getting ‘an average of the 
COz percentages obtained by examining the deepest parts of 
deep €xpirations at the end of both normal expiration and 
“Sa.-sae“"Normal inspiration. In Table XIII we have worked out COz 
percentages in the deepest part of the alveolar air from two 
averages of CQz2 percentages, one obtained from the deepest 
expiration at the end of normal inspiration, as in Table VIII, 
and the other obtained from the deepest expiration at the end 
of normal expiration, as in Table VI. In Table XIV we have 
done a similar thing for the middle parts of the alveolar air. 
In Table XV these mean CO2 percentages of the middle parts 
and the deepest parts of the alveolar air, are compared. Here 
in all the six cases out of six, the middle parts show a higher 
percentage of COz than the deepest parts! 


Thus we find that the experiments set forth in this number 
do not at all support the proposition that the middle parts and 
the deepest parts of the alveolar air are uniform in Composition. 


Our readers may collect some interesting information from 
the table printed on the next page. We wish to draw their 
attention especially to the fact that the COz percentage in the 
alveolar air collected from the deepest expiration at the end of 
the deepest inspiration, is found to be lower than the COz2 per- 
centages in the whole expired air collected from the deepest 
expiration at the end of deepest inspiration. 


We wish also to request our readers to institute a com- 
| n between columns 5 and 6 of the table printed on p. 15. 
Column 5 tabulates the inspiratory samples whereas column 6 
the corresponding expiratory samples. According to Haldane 
the inspiratory samples show a lower percentage of CQ2 than 
the expiratory samples! Out of the six comparisons which 
our readers will make, five comparisons go against Haldane. 

1. Another of Haldane’s four conclusions which we will single out in the Semis 
Scfentific Section for being discussed in:this journal at present, 
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\ Expéenienr 1 


. si gi, 


ai 


OBJEQI-OF THE EXPERIMENT :— 


a 

nl The object of the experiment was to ascertain the average 
percentage of CO2 present in the normal expiration of the 
subjects under examination, with a view to compare that per- 
centage with the average COz percentages present in the diff- 
erent samples of the alveolar air examined in the different ex- 
periments published in this number. 


PREPARATION OF THE SUBJECTS :— 


Four subjects were examined in this experiment. All of 
them were adults of ages varying from 25 to 35. The subjects 
A and B were examined twice and have been denoted as “A'” 
and “B'” for the second examination, the two, examinations 
taking place at an interval of about three weeks. There was 
no special preparation of the subjects except that they were 
made to avoid all abnormal physical work during the days of 
experiments. They were put in a restful sitting position for 
at least five minutes before the expirations were collected. 


THE APPARATUS :— 


The apparatus used has been fully described in the Semi- 
Scientific Section of the second number of the last volume. 


THE EXPERIMENT PROPER :— 


The expired air of three normal exhalations in the case of 
each subject was collected in a rubber bag which was com- 
pletely exhausted of ordinary air. Out of this a sample of 
100 c.c. was analyzed for finding out COz percentage present 
in it. Each subject made two attempts. The results are 
tabulated on the next page. 
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YOGA-MIMANSA VOL. V 
EXPERIMENT II 
OBJECT OF THE EXPERIMENT :— 


The object of the experiment was to ascertain the average 
percentage of CQz2 present in the deepest exhalation at the end 
of deepest inhalation of the subjects under examination, with 
a view to compare that percentage with the average COz per- 
centages present in the different samples of the alveolar air 
examined in the different experiments published in this 
number. 


PREPARATION OF THE SUBJECTS & THE APPARATUS :-— 


The subjects and the apparatus in this experiment were 
the same as in the previous experiment, the subjects being 
prepared in the same fashion as before. 


THE EXPERIMENT PROPER :— 


Each subject was made to inspire deeply, the process of 
inspiration being completed in seven seconds. Immediately 
at the end of inspiration the subject started expiration, this 
process being completed in seven seconds. The whole of the 
expired air was collected in a rubber bag as was done in the 
previous experiment. Out of this expired air a sample of 
100 c.c. was analyzed for finding out the percentage of CO: 
present in it. Each subject was examined twice. The results 
‘are tabulated on the next page. 


REMARKS :— 


Remarks on the results of this and all other experiments 
appearing in this number, are to be found in the introduction 
to these experiments at the beginning of this Section. 
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YOGA-MIMANSA VOL. V 
EXPERIMENT III 
QBJECT OF THE. EXPERIMENT :— 


| The: dbject of the experiment was to find out the average 
0 percentage in the last but one part of the deepest expi- 


"ration at the end of deepest inspiration of the subjects under 


examination, with a view to compare that percentage with the 
average CO» percentages present in the different samples of 
the alveolar air examined in the different experiments publish- 
ed in this number. 


PREPARATION OF THE SUBJECTS & THE APPARATUS :— 
The same as in the last two experiments. 


THE EXPERIMENT PROPER :— 


_. Each subject was made to inspire deeply in seven seconds. 
Immediately after the inspiration was completed the subject 
started deepest expiration with a view to distribute almost 
equally the process of exhalation over seven seconds. During 
the first five seconds the subject exhaled through the mouth so 
as to leave about 400 to 500 c.c. of supplemental air behind, 
which was to be expired during the next two seconds. The 
expiration of the sixth second was collected in a rubber bag 
which was immediately closed up, the expiration of the 
seventh second being collected in another bag of the same 
type for the succeeding experiment. Needless to say that the 
collections of the sixth and the seventh seconds were made 
through the mouth. The expiration of the sixth second which 
was analyzed in the present experiment measured approxi- 
mately 200 to 250.c.c. Each subject made two attempts, these 
attempts being generally made on two successive days. The 
collected air was analyzed and the CO; percentage in it was 
ascertained, The results are tabulated on the next page. 
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YOGA-MIMANSA VoL. ¥V 
EXPERIMENT IV 
OBJECT OF THE WXPORIMENT: = 


Eke abject of the experiment was to find out the average 
0% percentage in the last part of the deepest expiration at the 
end of deepest inspiration of the subjects under examination, 
with a view to compare that percentage with the average CO: 
percentages present in the different samples of the alveolar 
air examined in the different experiments published in this 
number, and especially with the CO2 percentage present in 
the last part of the deepest expiration at the end of normal in- 
spiration. 


PREPARATION OF THE SUBJECTS & THE APPARATUS :-—~ 


The same as before. 


THE GXPERIMENT PROPER :— 


This experiment was, properly speaking, a continuation of 
the last experiment. Therein we have stated that the expired 
air of the seventh second was collected in another rubber bag 
for this experiment, that air representing the last part of the 
deepest expiration at the end of deepest inspiration, and 
measuring 200 to 250 c.c, approximately. As in the previous 
experiment two attempts were made by each subject generally 
on two successive days. The collected air was analyzed as 
usual, The results are tabulated on the next page. 
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YOGA-MIMANSA VOL. ¥V 
EXPERIMENT V 
OBJECT OF UHH, HXPERIMENT :-— 


4 The dbject of the experiment was to find out the average 
Oz percentage in the last but one part of the deepest expi- 
ration at the end of normal expiration of the subjects under 
examination, with a view to compare that percentage with the 
average CO, percentages present in the different samples of 
the alveolar air examined in the different experiments publish- 
ed in this number, and especially with the CO2 percentage 
present in the last part of the deepest expiration at the end of 
normal expiration. 


PREPARATION OF THE SUBJECTS & THE APPARATUS :— 
The same as before. 
THE EXPERIMENT PROPER :— 


Each subject was made to expire notmally through the 
nose, the normal expiration covering about two seconds, At 
the end of the normal expiration the subject was made to 
exhale deeply through the mouth in such a way that the deep- 
est exhalation would be completed in the next five seconds. 
The expiration of the sixth second was collected in a rubber 
bag. The expiration of the seventh and the last second being 
collected in another bag of the same type, and reserved for the 
next experiment, The expired air of the sixth second approxi- 
mately measured 200 to 250 c.c. These sixth second collec- 
tions were made twice in the case of each subject, generally 
speaking on two successive days. They were analyzed sub- 
sequently. The results have been tabulated on the next page. 
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YOGA-MIMANSA: VoL, 
EXPERIMENT VI 
OBJHCT OF TH EXPERIMENT ;— 


x \The*object of the experiment was to find out the average 
_ @Oz percentage in the last part of the deepest expiration at 
~*"the end of normal expiration of the subjects under examination, 
with a view to compare that percentage with the average COz 
percentages present in the different samples of the alveolar air 
examined in the different experiments published in this num- 
bér, and especially with the average COz percentage present 
in the last but one part of the deepest expiration at the end of 
normal expiration as found out in the previous experiment. 


PREPARATION OF THE SUBJECTS & THE APPARATUS :— 


‘The same as before. 
THY HXPERIMENT PROPER :— 


‘Daring the last experiment the severith second expired 
air was collected in separate rubber bags. These collections 
also measured from 200 to 250 c.c. each. They were analyzed 
subsequently. The results have been tabulated on the next 


page. 
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YOGA-MIMANSA VOL. V 
EXPERIMENT Vil 
“OBJECT OF SHB. BXPERIMENT — 


gv The dbject of the experiment was to find out the average 
Oz percentage in the last but one part of the deepest expira- 
“tion at the end of normal inspiration, with a view to compare 
that percentage with the average COz percentages present in 
the different samples of the alveolar air examined in the 
different experiments published in this number, and especially 
with the average COz percentage present in the last part of the 
deepest expiration at the end of normal inspiration. 


PREPARATION OF THE SUBJECTS & THE APPARATUS :-— 
The same as before. 
THD EXPERIMENT PROPER :— 


Each subject was made to complete his inspiration in the 
‘normal way. At the end of this normal inspiration, the subject 
was made to exhale deeply through the mouth in such a way 
that he would complete the process of deep exhalation in 
‘seven seconds. At the end of the fifth second the subject 
started collecting the expired air ina rubber bag. This was 
done for a second, the bag being immediately closed thereafter. 
The remaining expiration of the subject was completed in the 
seventh second, the exhaled air being collected in another bag 
of the same type. The exhalation of the sixth second measured 
about 200 to 250 c.c. It was subsequently analyzed. The 
results have been tabulated on the next page. 
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EXVERE AVE VIl 3 
OBIECIS onan EXPERIMENT ; — 


The object of the experiment was to find out the, average 


2 £02 percentage in the last part of the deepest expiration at 


the end of normal inspiration, with a view to compare that 
percentage with the average COz percentages present in the 
different samples of the alveolar air examined in the different 
experiments published in this number, and especially with 
the average COz percentage present in the last but one part 
of the deepest expiration at the end of normal ae as 
found out in the previous experiment. 


PREPARATION OF THE SUBJECTS & THE APPARATUS :— 
- The same as before. 
ra EXPERIMENT PROPER :-— 


The collections of expired air secured in the fast expe 
ment during the seventh and the last second of deepest ex- 
piration at the end of normal inspiration, were used for this 
experiment. Each collection measured about 200 to 250 c.c. 
It was subsequently analyzed and the results have been tabu- 
lated on the next page. 
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ALVEOLAR AIR 
PART. I 


IN investigating the subject of Pranayama according. to 
the modern sciences, we have largely to deal with the theo-™ 
ries of respiration advanced by Western physiologists. For 
several decades these physiological scientists have spent their 
time, energy and intelligence on the problems of respiration; 
and even though some of the theories that were advocated in 
the beginning, had ultimately to be abandoned or modified 
substantially, to-day there are many theories over which the 
physiologists are unanimously agreed and which are accepted 
by them to be finally settled. When we started studying 
Pranayama physiologically, the question that confronted us 
was whether we should accept the Western theories of re- 
spiration without testing them in our laboratory before we 
applied them to Prinayama or whether we should examine 
these theories over again and then use them as the basis of 
our scientific study of Yogic respiration. As our readers 
must have seen by now our attitude towards the modern 
sciences is that of great respect. This attitude, however, 
never precluded us from verifying the Western theories be- 
fore we used them for our researches in the field of different 
Yogic processes. We have been doing the same thing in our 
scientific study of Pranayama also. 


The study of the alveolar air occupies a very prominent 
place in the domain of respiration. Many scientists have 
made this problem a subject of their special study; and after 
years of laborious and intelligent scientific work, have arrived 
at particular conclusions. Many of their theories directly 
bear on the question of Pranayama which we are trying to 
understand from the modern point of view. In this note we 
shall sum up some of these theories with a view to acquaint 
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our readers with what these scientists have to say in the 
matter. This statement will also enable our readers to follow! 
our experiments given, in, the-Scientific Section ‘of this and sub- 
sequent numbers, intelligently, and to compare and contrast 
our. results with the results of Western physiologists. For 
* the present, however, we are not going to formulate any theo- 
ries. It will require extensive research work before we can de- 
finitely confirm the Western theories of respiration or definite- 
ly advance any theories of our own. Our present purpose is 
to set forth the evidence that we are collecting in our labora- 
tory and see whether this evidence supports the established 
theories of respiration or raises doubts about their accuracy. 


The last two paragraphs are likely to lead our readers to 
think that the Western physiologists have tried experiments 
with Pranayamic respiration as it is practised in India by the 
students of Yoga, and have built their theories on the strength 
of the evidence collected from this experimental work... But 
that is not the case. So far as we know up to now. no Prana- 
yamic respiration has been subjected to scientific investigation 
in any of the genuine Western laboratories. But the physiolo- 
gists of the West have so thoroughly explored the field of 
respiration in general, that they may be said to have examined 
almost all the phases of respiration except only those of Yogic 
respiration. All this excellent work has to be utilized in 
investigating the question of Pranayama. In doing this we 
may be required to contradict some of the accepted theories 
of the West. 


Pranayama on its physiological side consists of various 
exercises; all directed towards the regulation of breath. Now 
an overwhelming majority of modern physiologists are agreed 
Se a a eae enemas 

1 A thorough grasp of our ‘Note on Respiration’ in Volume III and also of the 
notes on ‘Pressure Changes in Praimayima’ and ‘Determination of COg and Og’ in - 
Votume TY, is essential for understanding the contents not only of this note, but the 
whole Seisniific and Semi-Scientific portion of Volume V, 
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in coming to the conclusion that the COg percentage? in the 
alveolar air is an extremely important factor in regulating: our 
breath. Naturally one feels that-the Pranayamic regulation of 
breath also must be determined by the percentage af CO, in 
the alveolar air. It is exactly this problem that we ‘wighy: | to 


investigate in this volume. Let us, therefore, first know what’ ei 
is alveolar air, how it is collected, how it is analyzed for finding =. 


out the CO, percentage in it, and what conclusions have the 


physiologists reached regarding the connection between this - oe 


COz2 percentage and the respiratory activity in general. 


Alveoli ( sing. alveolus, a small cavity ) is another name of 
the air-cells of the lungs which cluster round the smallést 


bronchial tubes and into which the. inspired | air is Sieiatety au 


received.. They bar the further passage of the inhaled ait, 
allow. across their thin walls an exchange of gases, so that the 





e inspired air borrows CQz from the blood circulating around the 


alveoli, and gives Oz to that blood in return. The air which 
is held in these air-cells or alveoli, is called the alveolar air. 
This simple definition is not, however, sufficient for us. to 
understand the problem we are discussing. A detailed ana- 
tomical and physiological description i is necessary for getting 
a clear grasp of that problem. 


Let us first have anatomical details. 


"We have seen in the ‘Note on Respiration’ that all the 
alveoli: developing themselves roundabout a fine bronchial 
tube, presenting the appearance of a bunch of grapes, go fa 
form what is called an ultimate lobule. Several ultimate 
lobules constitute a Jobule, and several such lobules are 
contained in a Jobe. The right lung has three such lobes and 


1 Accurately speaking itis the COa pressure in the alveolar air and it its fer- i 


centage that governs respiration, As we do not want to lead our readers Into scientific 


complications just at present, we shall speak of COg percentage and not-of COs 4 < : = 
throughout this volume, Needless to say that our present discussions pins be. tiated oe 


because of this inaccuracy. Sper <4 ce ee eae 
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the left has two. ( Vide Fig.1). The finest subdivisions of 
bronchial tubes are called bronchioles. These bronchioles or 
the bigger bronchial tubes from which they shoot off, have no 
alveoli in their walls, and as such they allow no gaseous ex- 
change across their walls. But when these ordinary bronchi- 
oles subdivide themselves further, we get bronchioles with 
alveoli developed in their walls. These bronchioles of the 
“~~ Jatter type are called respiratory bronchioles. (Vide Fig. 11). 
In this diagram three respiratory bronchioles have been shown, 
“one of which has developed into three lobules and several 
= ultimate lobules, Before the inspired air reaches the air-cells _ 
**- ¢lustering round the ultimate lobules, it has to pass not only 
: p fvough the respiratory bronchioles, but also through three 












A ce e “diets, ‘atria and air-sacs. Like the respiratory bases the 
~ dveok at ducts and atria also have their walls covered with air- 


: hs ail along the walls of the air passages and their subdivisions — 
' stretching right from the beginning of the respiratory bron- 
'.. chioles up to the air-sacs, by far the greater part of the alveoli 
=> are situated roundabout the air-sacs. 


We shall now turn to the physiological description. 


- The anatomical description given above will show that the 
_.  gespiratory bronchioles, alveolar ducts and atria serve as a 
passage for the inspired air as it flows to the air-sacs. But 
eri besides serving as a passage, these organs perform another 
function, We have seen that the walls of these parts are lined 
2° avith air-cells. Now when fresh air passes through these 
-.. Of¥ans, the air-cells in their walls allow gaseous exchange 
* across them and thus partly carry on the work of respiration. 

eae Henite the respiratory bronchioles, the alveolar ducts, and the 


ie 1: fo pea ges erat aha deme ae lech 


: = the air-sacs. Hence even hen aire cells. ate to be found _ 


Fig. I 





The Thorax Exposed. 


(Showing arrangement of the Lobes in the too Lungs} 


Fig. II 
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Line Drawing Showing Arrangement of Three Lang Lobales, 
with their Bronechiole, Respiratory Bronchioles 
(Nos. 1, 2 & 4), Alveolar Duets, 
Atria and Air-Sacs. 


{ Reproduced from J. 8. Haldane’s Respiration ] 
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atria serve a double purpose. They serve as passages for the 
inspired air and serve as respiratory organs also. The air-Sacs 
stand on a different footing. They serve only as respiratory 
organs, because they are the ultimate chambers in which the in- 
spired air is held, its further progress being blocked up there, 


According to J. S. Haldane and Priestley who are con- 
sidered to be leading authorities on the problems of alveolar 2. 
air, the air-sac air is the alveolar air, andit is the CO, per- “iit 
centage! in this alveolar air that regulates the respiratory as 
activity of human beings. ee ¢ 


Having definitely ascertained the meaning of the term 
alveolar air, we shall now proceed tosee how this ang! 


"Fa 
+ 


= 


collected. For understanding this process s of collection we os 
have to notice some. more features of the respiratory apparatus = 
and the nature of the expired air. ae 





We know by this time that the air-cells which are really Jan 
responsible for the respiratory function of gaseous exchange, (| * 
start making their appearance only with the respiratory bron= > 
' chioles, these cells being entirely absent from the upper ‘air oe 
passages. That means the inspired fresh air is left int tact, 3 
that is, it is neither deprived of any of its oxygen nor is loaded © e 
with any of the CO; from the blood, till it reaches the respira- 
tory bronchioles through the nose, the pharynx, the larynx, 
the trachea and the bronchial tubes successively. Nor is the Be. 
inhaled fresh air seriously affected by the respiratory process. = ? 
of gaseous exchange, even when it enters the respiratory = 
bronchioles. There only a small portion of it takes patt'in «= 
respiration and the main portion passes on to the aitsats 
where alone the respiratory process is mainly completed. Thus 4 
we sce that during inspiration some space in the respiratory a 
passage remains occupied by fresh air which takes no part in - u 


. He 


the process of respiration by way of gaseous exchang e. AS 
j.: Vide foot-note on Pp. 43, 2 
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this space is useless for the proper respiratory function, it is 
called the dead space by the physiologists. 


Whether this dead space occupies a fixed measure of area 
in the respiratory passage of every individual, and also whether 
the measure of the dead space which prevents Oz absorption is 

“"* the same as or different from the measure which prevents COz 
| elimination; are questions that need not detain us here. We 
have introduced the subject of dead space here simply because 
| we have to make frequent references to the dead space in ex- 
~ plaining the process of alveolar air collection. A 
Ba: 


Pie: 


By now we have clearly grasped the following facts. 
_ i) Alveolar air is the air held in the air-sacs, (ii) Between 
othe air-sacs and the nose lie air passages which are partly 
+ soecupied by the dead space and partly by the active space. 
(iii) At the end of inhalation the air in the dead space is still 
> “trash, by the process of respiration, whereas the 
» gir’ in the active space is changed because’. of the, =Uh 
ae 2 ‘exchange. (i) Starting from the air-sacs we first have to. go : 
through the active space and then through the dead space be- - 
_ fore we come to the anterior openings of the nose. Now if 
_ we propose collecting air from the air-sacs by the process of 
expiration, it is evident that the fresh air from the dead space 
must be first driven out, so that the air from the air-sacs may 
not be mixed up with the pure air, thus affecting the com- 
position of the alveolar air that would come out of the air-sacs. 
i Haldane i ‘is of opinion that at the end of normal expiration air 
a ; from the dead space is almost entirely thrown out, so that the 
”* forced expiration that would follow would give us practically 
_. thé air of alveolar composition. He further holds that if we 
aaa want to have an absolutely reliable alveolar air, we must drive 
> out some additional 300 c.c. of expired air at the end of nor- 


1 According to Haldane there is no absolute measure of dead space for any 
_) » individual, He also holds that the measure of dead space in relation to CO elimination, 
may differ from its measure in relation to Os absorption, 
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mal exhalation or some 800 c.c. after normal inhalation. In 
the case of deep breathing, a larger quantity of expired air 
will have to be sent out, before we can get the alveolar air 
from the air-sacs. The reliable alveolar air thus obtained may 
be collected in a vacuous bladder or india-rubber bag for ane 
purposes of laboratory work. . 


Here we wish to draw the attention of our readers to the 
fact that the alveolar air thus collected does not give us all the 
alveolar air that is expired in one breath, The reason is this. 
Before we start collecting the alveolar air, 800 c.c. of expired 
air are allowed to escape. This quantity of expired air con- 
tains a good amount of CO2 which shows that this part of the 
expired air isa mixture of the ‘air frorh thé’ dead space and 
air from the air-cells, somé of which, indeed, belong to the re- 
spiratory bronchioles etc., but most of whtich belong to the air- 
sacs. Itis, therefore, very likely that that part of the expired 
air which is excluded from our collection, should contain air 
from the air-sacs or the alveolar air. As we are, however, 
concerned with the qualitative side of the alveolar air in this 
note, we shall not further discuss the question of its quantity 
here; but turn to the problem of getting a reliable sample 
of alveolar air for its qualitative analysis or more precisely 
to the problem of finding out the COz2 percentage present 
in it. 


Our readers must have known by this time that in the 


process of exhalation the alveolar air, coming as it does from — 
the deepest parts of the lungs, that is, the air-sacs, forms the | 


last part of the expired air. If this last part could be collected, 


it would give the most reliable sample of the alveolar air. The — 


method introduced by Haldane and Priestley for getting such 
a reliable sample of the alveolar air, has been tersely described: 


by W. D. Halliburton in his Handbook of Physiology. The 


following relevant paragraph is quoted from the same, 
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“Haldane and Priestley introduced a simple method of 
collecting alveolar air which has the advantage of being appli- 
cable to man. A piece of rubber tubing is taken about 1 inch 
in diameter and about 4 fect long. A mouthpiece is fitted into 
one end. About 2 inches from the mouthpiece a small hole is 
made into which is inserted the tube of a gas-receiver, or sampl- 
ing tube, as in the figure (fig. 2411). The gas-receiver is fitted 
at the upper end with a three-way tap, and the lower end is 
also closed by a tap. Before it is used, the gas-receiver is 
filled with mercury. The subject of the experiment breathes 
normally through the tube for a time, and then, at the end of 
a normal inspiration, he expires quickly and very deeply 
through the mouthpiece and instantly closes it with his tongue. 
The lower tap of the receiver is then turned, and as the 
mercury runs out, a sample of the air takes its place and fills 
the receiver; this sample is then analyzed. A second experi- 
ment is then done, in which the subject expires deeply at the 
end of a normal expiration, and another sample obtained. The 
thean result of the two analyses represents the (average ? ) 
composition of the alveolar air. Since the gaseous interchange 
between the blood and the alveolar air is going on continuously, 
it is evident that at the end of inspiration there will be a 
maximum percentage of oxygen, and a minimum percentage of 
carbonic acid ; the converse obtains at the end of expiration. 
These observers proved by other considerations into which it 
is unnecessary to go, that the air obtained was really the 
alveolar air ( italics ours ) unmixed with any of the air of the 
‘dead space’ of the respiratory passages.” | 


As will be clear from this quotation, the sample of alveo- 
lar air obtained at the end of inspiration differs in quality from 
the sample obtained at the end of expiration, the former sam- 


ple containing a smaller percentage of COQ; than the latter. 


Ina number of experiments carried out upon himself, Hal- 


dane found the inspiratory sample to contain on an average 


5°54 per cent. of COz and expiratory sample to contain 5°72 of 
1. Reproduced here as Fig, ITIL 
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that gas. Similar experiments done with Priestley as the sub- 
ject, gave 6°17 and 6°39 as the CO, percentages in the re- 
spective samples. Working out the averages from the two 
samples, inspiratory and expiratory, we find that the mean 
COz percentage in the alveolar air in the case of Haldane is 
5°63: whereas the same in the case of Priestley is 6°28. When 
we talk of COz percentage in the alveolar air, we generally 
refer to this mean percentage unless specified otherwise. 


Experiments referred to in the last paragraph were per- 
formed while the subjects were at rest and their respiration 
was normal, Similar experiments were performed by Hal- 
dane and Priestley with subjects under different working con- 
ditions, with different rates of respiration. and also with. re- 
spirations of different depths, | 


The two scientists under reference, have based various 
conclusions upon these researches of theirs. We shall take 
into account only four of them as we are at present concerned 
only with these and not with others. 


Z In normal respiration, the expired air which is exhaled 
after driving out 800 c.c. at the end of inspiration, constitutes 
reliable alveolar air. 


2 When two different samples of alveolar air are taken, 
one inspiratory and the other expiratory, the expiratory sam- 
ple will generally contain a larger percentage of CO; than the 
inspiratory sample. 

3 The composition of the alveolar air is the same. 
Hence the deepest parts of the alveolar air will contain the 
same percentage of COQz as the middle parts. 


4 Under normal conditions the breathing in man is reg- 
ulated by the alveolar COz percentage!; and a very slight in- 
crease or diminution in the alveolar COz percentage suffices 
to cause a very great increase or diminution in breathing.? 


a 





1 Free foot-note on p. 43, 
2 This conclusion is so important from the Pranayamic point of view, that we ; 
promise our readers a very detailed consideration of it later on, 
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PART I 


In the first part of this note we have summed up the re- 
search work of some leading physiologists regarding the ques- 
tion of alveolar air. In this part we wish to compare that re- 
search work with the work which we have been doing; and if 
there be any difference in their results and our results, to dis- 
cuss thé cause of that difference. At this stage of our research 
work we have absolutely no desire to jump to any final con- 
clusions and we warn our readers not to wrongly interpret our 
statements. What we want to do at present is to clearly bring 
out the difference between their methods of investigation and 
ours and to set forth subsequent difference in results. We 
also wish fo put forth some suggestions regarding the compara- 
tive merits of the two methods, and also the relative accuracy 
of the results. We sincerely request the physiological scien- 
~ tists to stibject‘our suggestions to a critical examination and 
to favour us with their reasoned criticisms. Nothing will 
please us more than to publish such criticisms in the pages of 
this journal. 


To begin with we shall take into consideration the 
method of sampling the alveolar air. The simple method of 
sampling the alveolar air which was devised by Haldane and 
Priestley, and which has found favour with physiologists has 
been described in the words of Halliburton on p. 48. In this 
method a hose or rubber pipe four feet in length and one inch 
in diameter, is used for collecting the alveolar air. With a 
view to secure a sample of the last part, a sampling tube is 
attached to this pipe near that end of it, through which the 
subject blows. This sampling tube is at first filled with 
mercury. As soon as the alveolar air is collected in the hose- 


pipe, the mercury from the sampling tube is allowed to flow ’ 


out, thus creating a vacuum in the tubé and drawing in the 
alveolar air from the pipe to take its place. 


50 


P 
ee = ee 


No. J ALVEOLAR AIR 
Here the following points require examination. 


(i) Whether the successive portions of the expired air 
occupy successive parts of the hosepipe, so that the deepest 
portion may be surely found nearest to the mouthpiece ; 


(ii) Whether by the time the process of securing a 
sample is completed, there is a chance of the different portions 
of the alveolar air contained in the pipe being mixed up, so 
that the whole quantity might approach approximation in 
composition ; 


(iii) Whether the reverse current of air that would be 
set up in the pipe because of the vacuum in the sampling 
tube, would not help this approximation in composition. 


Taking up the first point, we have to know whether the 
successive portions of the expired air occupy successive parts 
of the hosepipe, so that the deepest portion may be surely 
found nearest to the mouthpiece. What we mean is this, 
Supposing the capacity of the hosepipe to be something like 
600 c.c., whether the last 600 c.c, of the expired air would be. 
definitely so distributed in the pipe that the last 200 c.c. would 
be found in that one-third part of the pipe which is nearest 
to the mouthpiece, so also whether the middle 200 c.c. would 
be found in the middle one-third of the pipe and the remain- 
ing 200 c.c. would be found in the remaining one-third of the 
pipe. This should surely have been the case had the current 
of the expired air moved through the pipe in such a way that 
each of its successive parts, from the beginning to the end, 
would push its forerunner bodily ahead. But such a thing 
never happens when air passes along an air passage. The air 
current divides itself as it were in two parts—the axial current 
and the peripheral current, the axial current moving much 
faster than the peripheral stream. ‘That being a general rule, 
the expired air blown through the hosepipe can be no excep-., 
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tion to it. ‘The result would be something like this. By the 
time the air of the first 200 c.c, that runs through the axial 
current comes to occupy the most distal part of the pipe, that . 
portion of these 200 c.c. which runs through peripheral stream 
will occupy only the middle part of the pipe. There it will 
naturally come in contact with the axial stream of the middle 
200 c.c. Similar situation will occur in the first one-third of 
the pipe also. The peripheral stream and the axial stream 
will not belong to the same portion of the expired air... The 
result will be that there will be a mixing up of the different 
portions of the expired air and it would be impossible to se- 
cure a scrupulously pure sample of a particular part of the 
alveolar air, whether the sample consists of 200 c.c. or of a 
larger or a smaller quantity. Under such circumstances it 
would not be quite accurate to say that the sampling tube 
“would catch up only the last portion of the expired air blown 
through the hosepipe.? 

Coming to the second point which we wish to examine, 
we want to know whether by the time the process of securing 
a sample is completed, there is a chance of the different por- 
tions of the alveolar air contained in the pipe being mixed 
up, so that the whole quantity might come nearer approxima- 





' ft We have made our statement too mechanical, only to give our readers a Very 
clear grasp of the subject. The actual situation in the hosepipe will not be go rigidly 
accurate, because both the axial stream and the peripheral stream will be continwous and 
will not be travelling at a uniform speed throughout the act of expiration, 

2 Onur réaders will be interested to know that the principle underlying the disciasion 
in this paragraph, namely, the unequal speed of the axial and peripheral currenis of air 
passing through am air passage, has been recognized by Haldane, Here is a quotation 
taken from his book on Resfiration. 

“It was shown by Yandell Henderson and his coadjutors that when air passes 
along an air passage the axial stream is much faster than the periphera! stream, and that 
a3 a consequence of this the air in the dead space is not pushed out bodily in front of the 
alvéolar air during expiration. Some of the tracheal and bronchial air is at first left 
behind, and before pure alveolar air issoes at the nose or month the air passages have to 
be washed out by three or four times their volume of alveolar air, This is illustrated by 
figures 9 atid 10 {reproduced heré as Figs. ['V and V), taken from their paper, and drawn 
from experiments made with smoke,” : 
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(1) Bhows a “Spike” of Smoke Moving through a Glass Tube. 
(4) Shows the Condition when the Current is Suddenly 
Stopped and Mixing Instantaneonsly Oceurs. 

(() Shows Clear Air Drawn in. 


[ Reprodaced from J, $. Haldane's Resfireation | 


Fig. V . 





Shows How a Column of Smoke Crosses a Bulb 
with Litthe Mixing or Sweeping out of 
the Air Within it. 


[ Reproduced from J. S, Haldane's Respiration J 
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tion in. composition. In discussing this point we have to 
remember that it takes full half a second for collecting the 
expired air in the hosepipe and it must take much more than 
this time for a sample to be secured in the sampling tube. 
That means, the air in the pipe stands there for upwards of a 
second, before the process of sampling is completed. How. 
will the different gases contained in the expired air held in 
the pipe, behave during all this time? Will they not become 
diffused, if not completely at least partially, thus tending to 
render the whole quantity of air in the pipe approximately of 
uniform composition? It is to be noted that the phenomena 
of diffusion occurs very quickly. Our readers can understand 
this quickness quite easily, if they are told that in a single 
quick respiration which does not take even half a second, so 
much of CQOsz is diffused from the blood into the inhaled air 
and so much QO is diffused from the inspired air into the blood. 
It will thus be seen that in a second’s time there will be con- 
siderable diffusion of gases in the hosepipe and the original 
composition of the different parts of the expired air, will be 
seriously disturbed. Under these circumstances, it is difficult 
to see how the sampling tube can draw in a reliable sample of 
the last portion of the alveolar air, 


_ Coming to the third and the last point, we want to find 
out whether the reverse current of air that would start in the 
hosepipe on account of the vacuum in the sampling tube, 
would not help the process of diffusion alluded to in the last 
paragraph, thus leading to further approximation in composi- 
tion on the part of the air collected in the hosepipe.. Haldane 
himself gives a caution against taking out too large a sample, 
because he says! that such a sample may draw in some pure 
air, across a length of four feet through the free end of the 
hosepipe. A small sample will surely avoid this possibility; 
but even a small sample will as surely set up a current in 
the opposite direction, which even if very weak, will not fail 
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i “If the sample is too large, some pure air may be drawn in." Foot-note 5, p. 17, 
Respiraiion—By J. 5. Haldane, 
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to disturb the original composition of the different parts of the 
air in the hosepipe. 


In this way all the three points which we raised in the 
beginning of this part of our note, do not seem to bear crit- 
ical examination. The foregoing discussion of these points 
is sufficient to show that the method devised by Haldane and 
Priestley for sampling the alveolar air is not calculated to give 
us areliable sample of the deepest parts of the expired air. 
The question as to whether this possibly defective method of 
sampling, has vitiated any of Haldane’s theories about respira- 
tion, requires further research. At present we shall start in- 
vestigating only one conclusion! of his, namely, the deeper 
parts of a very deep breath have exactly the same composition 
as the middle parts or in other words, the alveolar air is uni- 
form in its composition.? But before we do this we shall 
briefly refer to the method which we are following in our 
laboratory for collecting the deeper and the deepest parts of 
the alveolar ait. 


Whether in normal or foros reepiratioi, the sabject | is 
made to exhale slowly but very deeply, so that the act of ex- 
halation would be completed in seven seconds. During the 
first five seconds, the subject exhales only as much air as 
would leave behind 400 to 500 c.c. of supplemental air ap- 
proximately. During the sixth second the subject exhales 
about 200 to 250 c.c. through the mouth in a vacuous bladder 
or india-rubber bag, and during the seventh second he ex- 
hales the remaining air in another bag of the same type, both 
the bags being clipped immediately. Needless to say that 
the first bag contains deeper parts of the alveolar air and the 
second bag the deepest parts. Air from both the bags is 
analyzed in the laboratory according to the standard methods 

1 The third of the four conclusions of Haldane mentioned on p. 49. 
'2 In this number we are concerning ourselves only with the COs percentage in the 
alveolar air and not with the percentages of all the gases in that air. 
3 In the Scientific Section of this number while discussing the experiments, the 


deeper part is designated as the last bul one part, and the deepest part as the last part 
of the alveolar air. 
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of gas analysis, and the results are noted down. ‘For, the ex- 
periments published in the Sctentific Section of this number, 
we collected 200 to 250 c.c. in each bag. It is possible! to 
make those collections smaller still and to collect 2, 3 or even 
4 successive parts of the deepest expiration, each containing 
approximately 100 to 150 c.c. of air. 


The greatest advantage of this method is to exclude com- 
pletely the possibility of the diffusion of gases from the differ- 
ent parts of the alveolar air, and the consequent danger of its 
approximation in composition. Each part is held in an air- 
tight bladder and remains pure till it is analyzed. 


It may be pointed out to us here, that. the time of seven 
seconds allotted to the process..of expiration, would increase 
the COz concentration progressively in the successive parts of 
the expired air. We have dealt with this point in the Scientific 
Section of this number, and have admitted that the actual per- 
centage of CQ? in the collection of the seventh second, should 
be taken to be slightly lower than what it is found out to be 
in analysis, when the composition of this collection is to be 
compared with that of the sixth second, 


Returning to the examination of Haldane's conclusion 
which we are discussing in this note, let us first examine? the 
CO: percentages in the last and the last but one parts of the 
alveolar air as they were found in our analysis without taking 
into consideration the point raised in the last paragraph. 
Tables XI, XII and XV clearly show that out of 18 compari- 
sons made, in 16 comparisons the COz percentage was found 
higher in the last but one part than in the last part. When we 
lower down the COz percentage in the last part because of the 
delay in its collection, we find the difference between the two 
requires subjects who are trained in regulating their breaths, As, however, our investj- 
Hations lie in the field of Yoga and in the methods of regulating respiration, we would 
always require trained subjects, 

2 For dethiled examination see the Scientific Section of this number, 
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CO percentages still more striking. Even in Table X two 
subjects out of six show a higher COz percentage in the last 
but one part of the alveolar air than in its last part, 


In the face of these results can we reasonably say that the 
deeper parts of a very deep breath have exactly the same 
composition as the middle parts? Our reason would certainly 
insist upon further investigations being made before we can 
accept this general conclusion of Haldane. 


Nor can it be seriously maintained that the differences we 
noted in the middle and deeper parts of the alveolar air so far 
as the COz percentages in them were concerned, should not be 
considered as of much consequence, when Haldane himself 
asserts that 0°01 per cent. more or less of COz in the alveolar 
air, is sufficient to affect respiration.! 


- Thus far we have discussed the third of the four conclu- 
‘sions of Haldane mentioned at the end of the first part of this 
note. A passing reference has also been made to his second 
conclusion in the Semi-Scientific Section of this number. 


‘The research work published in this number is not 
intended to establish any theory or to formulate any general 
proposition about COz percentages in the different parts of the 
alveolar air. Our present purpose is to examine the present 
day physiological notions of respiration. As Haldane, a great 
authority on the subject of respiration, attaches so much 
importance to the COz percentage in the alveolar air in pro- 
pounding his theories, we thought it best first to concentrate 
on that point only. Further investigations will be published 
in the succeeding numbers of this journal. It will, however, 
take a very very long time for us to establish finally any theory 
of our own, even if we are required to establish one at all. 

1 The astounding sensitiveness of the respiratory centre to COa is thus clearly 
established in both an upward and a downward direction. A mean increase or diminu- 
tion of 0°01 per cent, in the alveolar COa will evidently produce an increase or diminution 
of 5 per cent, in the alveolar ventilation, or of about 400 c.c. per minute in the lung 
ventilation, 
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N. B.— Instruction in Yogic culture higher as well as 
lower will be given gratis at the Asrama to 
everyone that earnesily seeks it. 
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MAHA-MUDRA 
THE NAME :— 


The compound Mahd-Mudra consists of two words: 
Mahat ( changed to Maha) and Mudra. In Sanskrita 
Mahat means great, of great physical and spiritual 
value. Mudra! means a particular arrangenient of con- 
tracted muscles, This Mudra is called Maha-Mudra be- 
cause of its great efficacy in awakening the spiritual] 
force of Kundalini. 


THE TECHNIQUE :— 


The technique of Maha-Mudra may be described in 
four parts, each part corresponding to some exercise 
that we have already studied in the pages of this journal. 
Thus the first part corresponds to a part of Siddhdsana, 
the second to a part of PaSchimatana, the third to Ujjayi 
and the fourth to a simultaneous practice of the three 
Bandhas— Mila, Uddiyina and Jalandhara. We shall 
study these four parts of the technique one by one. 


The first part of Maha-Mudra corresponds to that 


part of Siddhasana which requires one of the heels to .~ 


be pressed against the perineum. This may be done as 
follows. The student first takes his seat with his legs 
fully stretched out side by side. (Vide Fig. VI). He 
then bends his left leg in the knee-joint and folding it 


SS 


1 Our readers will see that we have assigned to Mudra the same meaning that we 
had given to Bandha. In fact in Yogic literature the words Bandha and Mudra are 


sometimes used as synonyms. Thus Uddiyana, Milaetc., are designated both as Bandhas | 


and Mudris. It may be noted, however, that the word Mudra has a much wider appli- 
cation than the word Bandha. It should not, however, be inferred that a particular 
class of Mudras is called Bandha. For instance Jihva-Bandha is not a Mudri. Thus it 


is difficult cither to make any exact distinction between the two words orto take Mudri Ear 
a8 a generic and Bandha as a specific term, The meaning suggested by us for the ronda, ie 


Mudra and Bandha, is admittedly very vague, 
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upon itself, sets its heel tightly against the perineum 

with the help of his right hand. ( Vide Fig. VII). In 

order to get the perineum clear for this purpose, he has 

first to hold up his genitals with the left hand, for the 

right hand is engaged in setting the heel in its proper 

pi place. Care should be taken to see that no part of the 

scrotum is caught up between the heel and the peri- 

neum. The sole of the left foot should be closely in 

touch with the right thigh. No attempt should be 

Bi: made to sit on the heel. That is a wrong procedure, 

.- because pressure is to be exerted on the perineum and 

not on the anus. The adjusted heel must feel the hard 

touch of the bones on the two sides of the perineum. 

After the left leg is given its proper position, the geni- 

tals should be allowed to lie wherever they bet No 

further attention to them is necessary. This completes 
the first part of the technique. 


The second part of the technique’ Ged tan bits to a 
part of Pagchimatina, although this correspondence is 
not so exact as that between the first part and SiddhAsana. 
Broadly speaking the second part of the Maha-Mudra 
technique consists of catching the extended leg in the 
foot. We shall see how this is don¢ in detail. After ad- 
justing the left heel, the student prepares a finger-lock by 
interweaving his right fingers with the left.’ This finger- 
lock cari be clearly seen in Fig. VIII. Then bending 
over his extended leg, ‘he catches hold of the foot just 
below the toes,? and gives such a gentle but steady pull 


2 i This particular piece of advice is intended for spiritual cultarists only. They are 
= to practise Mah&-Mudra without any covering even for their genitals. If any 
covering is used af all, wold be so tin and wo loely 6m that it would not Kéep he 
ee aatetaekoane Mah&’-Mudri, Puysical Gaituriets could continde to 
Me moderately tight Langot put on for otherexercises): ° 
js Se Assuming eer seen nlenthenetetr tee ~ BP 
and: AI or tavering the toes ns shown in tale cre tcy meen ‘the put 
barred cu tage iatitedth arene Bs 2 
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The Left Heel Set against the Perinceum. 
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The Finger-Lock, 
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to it, that the knee-joint is fully straightened, and the 

- hamstring and other posterior muscles of the leg are 
completely stretched. ( Vide Fig. IX). Care should be 
taken to see that the knee does not bend, otherwise the 
pull in the lumbosacral region would be weakened and 
the results of the Mudra would suffer consequently, 




















‘ It is true that the practice of Maha-Mudrd is advised 
on - generally to advanced students of Yoga. It is not, how- 
ever, impossible for this exercise to be prescribed to a’. 
beginner, of course with the necessary modifications? in 
its technique. In such cases the hints given to physical 
culturists under PaSchimatana, will be of great value'to 
the students of this Mudra. We reproduce them here a 
in extenso with a few verbal changes, : 


In the case of nearly every beginner, the hamstring 
muscles— muscles which when contracted enable us to 
bend our knee and which are situated at the back of it. 
—do not possess the elasticity necessary for this Mudra. ; 
The result is that the knee is raised, when one tries to 
bend over his thigh. By a little practice, however, young 
and well-built persons can soon make the hamstring: 
muscles sufficiently elastic, so that there will be little 
trouble in securing the desired bent even without trae i 
‘ing the knee. 


But people who are advanced in age, or are prema- 
turely old, or have stiffened their muscles by over-ex- 
ercise, stand on a different footing. They experience an 
amount of difficulty in bending their trunk effectively. 
while maintaining a straight knee, Their spine is so stiff, 
that they cannot reach their toes even with their fingers. 


1 We shall study some of these modifications i in the Generek Hine given, # be ex 
of this article. ; : s: : a 
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There is, however, absolutely no reason for these 
people to become impatient over the matter. They 
should proceed into the practice of this Mudra slowly 
but steadily. Instead of trying to catch hold of their 
foot in the finger-lock, they should seize their leg, either 
in the ankle or even higher up nearer the knee. With- 
out experiencing much discomfort, the trunk should be 
bent forward as far as possible, but the knee should 
always be kept stiff. This little bent maintained for a 

time, will invariably make further flexing possible. As 
usual jerks, whether violent or mild, should be studi- 
ously avoided. Ina few days, the spine will show signs 
of improved elasticity, and the hamstring muscles will 
be better able to bear the necessary strain. When the 
s+» hands could be stretched comfortably a little beyond 

~ the extended foot, the student should try to catch it in 
ee sebzead finget-lock and to stretch by degrees the whole 
“© ‘system of the posterior muscles. «Elasticity will develop 
* <2 day by day, ultimately making the practice not only 
“-. possible but even comfortable. Patience and persever- 
ance must overcome every difficulty. Regularity is, 
indeed, essential; but we also advise punctuality. These 
two will enable almost every Yogic culturist to perform 
** "any exercise within a reasonably short period. 


9 When the student has adjusted his heel and caught 
~*~ his foot in the finger-lock, the first two parts of the 
>t? © technique will have been completed and he will be ready 
to go through the third part of it. As stated in the 
beginning this third part corresponds td’ Ujjayi.t The 
.. student simply inhales deeply through both the nostrils. 
+ asin Ujjayt, paying special attenition to the Recut of the 
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abdominal muscles. When inhalation is completed, the 
glottis is closed for the practice of Kumbhaka. 


It may be noted here, that the front abdominal 
muscles become considerably contracted, when the stu- 
dent bends over his extended leg. This contraction. 
becomes the more vigorous when the student catches 
hold of his foot and gives a steady pull to it. So when 
inhalation is started in the third part of the technique, 
the possibility of the bulging out of the abdomen is 
minimized. Even then the student should be on his 
guard and should not allow the abdominal muscles to 
relax their activity, although a little protrusion is un- 





avoidable, because of the vigorous descent of the dia- a 
phragm, driving the abdominal viscera before it during oN 


inhalation. A comparison between Figs. IX and X will 
bring out the contrast between the normal and the oi 
inspitatory appearances of the abdomen in this exercise, ne 


With the closure of the glottis after inhalation the —.. 7 
fourth part of the technique begins. This part consists’ Be | 
of a simultaneous practice of the three Bandhas—Mila, Be: 
Uddiyana, and Jalandhara, while Kumbhaka is being > 
maintained. These Bandhas have already been describ- © 
ed-in the pages of this journal as they are practised — ~ 
separately. Mula-Bandha! consists of a vigorous anal © he: 
contraction, one of the heels pressing the perineum at Pet 
the same time. Jalandhara-Bandha? requires the chin eet 
closely to be pressed against the chest either in the. 
jugular notch or four fingers below it. Uddiyana} de. > 
mands mock inhalation to be maintained with the glottis a 








i First described in Vot, Ion p: 224, tis eS 

2 First described in Vol. [7 on p. 223, : 

3. First described in Vol. J on p. 9-10, and again in a far better form in ve 
on pp. 318-19, 
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closed at the end of deepest expiration by raising the 
ribs and consequently! the diaphragm. | 


_ Now the simultaneous practice of these Bandhas too 
does not require much additional explanation, except in 
the case of Uddiyana. Setting of the heel. against the 
perineum already finishes a part of Mfila-Bandha tech- 
hique. So when the’anus is contracted during Kumbhaka, 

' Mila-Bandha as required in Mah4-Mudra is rightly per- 

~'* formed. In our descriptions of Ujjayi and Bhastrika, we 
have seen how to practise Jalandhara-Bandha while 
Kumbhaka is being maintained. So Jalandhara-Bandha 
does not require any special instructions ‘even when it is 

to be performed as a part of the Maha-Mudra technique. 
The case of Uddiyana is, however, different. Up to now 

we have studied this Bandha as it is practised while 


Oo “exhalation: 18 being maintained. We do not yet know? 
~~ ‘@nythiig about the technique of this Bandha as it is 


“practised while inhalation is being maititained, ‘that is, 
during Kumbhaka. We have,.therefore, to study this 
second type of Uddiyana in some detail here. 


A reference to p. 318 of the fourth volume will show 
that the ordinary type of Uddiyana is secured ‘principally 
by three actions: the fixing up of the neck and the 
shoulders, the vigorous mock inhalation preceded by the 
deepest possible exhalation, and the simultaneous relax- 
ation of the contracted front abdominal muscles. Now 
the mew type of Uddiyana which we are studying as a 
part of Maha-Mudra, requires all these actions for its 
performance, the only difference being observed in the 
case of the condition of the lungs. In the ordinary 


EE LL AMAL Ltt 
1 This relation between the rising ribs and the rising diaphragm has been very 
lucidly explained in Vol. [1] on pp. 220-22. 


2 A passing reference to this type of Uddiyana has, satidltaie Bites nelin te Wv 
on p. 40, $0 also once or twice again in the pages of this journal. 
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Uddiyana mock inhalation is attempted while the lungs 
are in the position of exhalation, while in this Uddiydna 


mock inhalation is attempted while the lungs are already 


in the position of inhalation. We shall now briefly 
study all the three actions as they are performed in this 
particular Uddiyana. 


Catching hold of the foot in the finger-lock and 
steadily tugging at it, fixes up the shoulders and the 
neck, When these parts are fixed up, they afford a frm 
support from which the muscles of the neck and the 
intercostals act, thus enabling the student to raise his 
ribs. Here it is to be remembered that the chest is al- 
ready in the inhalation position, owing fo previous inspi- 
ration necessary for Kumbhaka: That means the ribs 
are already elevated. This elevation of the ribs brought 
about by merely the inspiratory act, is not so complete 
as can be obtained by fixing up the neck and the 
shoulders with a steady support of the hands.. Hence 
the possibility of raising the ribs still further even when 
they are already raised. This further elevation of the | 


ribs, would lead to further opening out. of: the thorax, 


and if the glottis is open and if the student so wishes, 
additional air may be inspired. But the purpose of the 
additional elevation of the ribs, is not to secure further 
inhalation. Thereby the student wishes to lower down 
the intra-pulmonary pressure. Hence the glottis is kept 
closed and no air is allowed to get in. It is obvious 
that the further elevation of the ribs being very small, 
the consequent fall in the intra-pulmonary pressure also 
is very small. 


When this much is done, the student fi ready to 
attempt the third step in the technique.of Uddiyana 


which requires relaxation of the front abdominal mus- .. . 
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cles. In the ordinary Uddiyana this relaxation follows 
a complete contraction of the said muscles and is 
thorough. In the present Uddiy4na also: the relaxation 
is to follow complete contraction; but owing to many 
anatomical and physiological considerations,! remains 
incomplete. The result is that while this type of Uddi- 
yana is being maintained, the abdominal muscles stand 
contracted much more vigorously than they are when 
-Kumbhaka is maintained with Mila and JAlandhara 

‘Bandhas only. Consequently the intra-abdominal and 
intra-pulmonic pressures. are raised because of. this 
Uddiyana and not lowered as in the case of the ordinary 
Uddiyana.* 


pi Fig. XI represents complete Maha-Mudra with the 
o>. three Bandhas. Our readers may be tempted to com- 
“2. pare Figs. IX, X and XI for understanding the appear- 
“ance which the abdomen would assume, when it is in a 
normal condition as in Fig. IX, or in an inspiratory? 
condition as in Fig. X or in the condition of an inspira- 
tory? Uddiyana as in Fig. XI. But the abdominal 
appearance in these three figures differs so slightly that 
the readers are likely to be disappointed, Weare, there- 
fore, giving two additional figures ( Figs. XII and XIII}, 
to illustrate the abdominal appearance in the expiratory 
and the inspiratory Uddiyana respectively. Side views 
have been chosen to make the contrast easily appreciable. 






a 
a . =m 





ae “.%) These considerations are too complicated to be easily grasped by the generality 
a our readers at this stage. 
2 In this connection experiments concerning Pressure aS im isbn edgines 


Basis ‘4 Uddiyina perfonnhed at the end of expiration as is done in the case of ordinary 
oe ier may be called expiratory Uddiyana, whereas Uddiyana practised at the end of 
tee io ees in Maha-Mudra may be called eAlapétatory. Uddiyana. . 
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Expiratory Uddiyina. 


Fig. XI 





Inspiratory Uddiyiina, 
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With the practice of Uddiyana the technique of 
-Maha-Mudra is completed. Thus we see that this Mudra 
requires four things to be done. First, pressing the heel 
against the perineum; second, catching in the finger- 
lock the foot of the extended leg; third, maintaining 

Kumbhaka; and fourth, the simultaneous practice of the. Cis 

_ three. ‘Bandhas. The whole technique of Maha-Mudea @) 

' fee “would be expressed very briefly and yet very clearly, if we 
'’< say that it is Pranayama practised with the three Bandhe 

in the pose Pagchimatina combined with Siddhdsana. 





















This equation of Mahi-Mudra with Prinayama s 
plies us with a unit with which. we: cat detetmine ’ 
measure of the Mudra. If is- evident that the Mudra 
lasts so long as Kumbhaka is maintained. That meang’ 
the measure of Kumbhaka is the measure of the Mudra. 
If a student is able to maintain Kumbhaka, say 30”, the. 
proper measure for him for practising Maha-Mudra would. 2 
be 30” also, Students should, however, take special ~ 
notice of the following fact. . The Sates of Kumbhaka 


rece in this exercise of Mah’-Mudra.. Hence it-ig: 
desirable that the Kumbhaka measure in Maha-Ma 
is made much shorter than the measure of ordin ‘1: 
Kumbhaka, Thus a student who can pier iaeet ni 
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most simultaneously, the relaxation of Jalandhara follow- 
ing immediately thereafter. He then straightens his 
neck, opens his glottis, and slowly but deeply exhales 
the air pent up in hislungs. These processes of Piraka, 
Kumbhaka and Rechaka, though they do not belong to 
an independent Pranayama, should follow all the rules 
to which ordinary Prandyama is subject, not omitting 
the rule which requires 1: 2: 2 or 1:4: 2 as the rel- 
ative proportion of the component parts of a round of 
Pranayama. . 


Whether one Pranayama should immediately be 
followed by another with the three Bandhas or the 
student should take some normal breaths before he 
begins the next Prandyama, depends upon the choice 
and capacity of the student. If necessary he might even 
let go his hold upon the foot and relax his knee-joint 
after one Pranayama is over. It is to be remembered, 
however, that the longer one retains his hold on his foot 
and undertakes successive Prandiyamas without punctu- 
ating them with normal breathing, the quicker and 
better is the achievement of the student. 


When the student has exhausted half of the energy 
which he wishes to spend in the practice of Maha-MudrA, 
he should resume his normal position and get himself 
ready for the expenditure of the other half, 


The other half of his energy is spent exactly as the 
first half with this difference. Instead of setting the left 
heel against the perineum, now the right heel presses 
that anatomical part (Vide Fig. XIV). So also the leg 
that is kept extended, is the left and not the right. 
Obviously the left foot is caught hold of in the finger- 
lock instead of the right. The remaining part of the 
technique is the same in the second half as in the first 
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half. It is essential that the number of Kumbhakas 
attempted in the two halves of the practice of Mahi- 
Mudra, is the same. Needless to point out that this 
equality in the number of Kumbhakas would be of little 
use, if the vigour and intensity with which the Kumbha- 
kas are done in the two halves, are not the same. When 
both the halves are completed the exercise of Maha-. 
Mudra is finished. 


Up to now in our description of the technique of 


Maha-Mudra, we have followed our own tradition.! Now 
we wish to point out the variations in this technique 
according to the different traditions that deserve our 
attention. 


The tradition which comes nearest to ours is that of 
Hatha-Pradipikd. Svitmarama Siri, the writer of this 
authoritative work, advises only two Bandhas instead of 
three to be practised while Kumbhaka is being main- 
tained. He omits Uddiyana. His commentator Brahma- 


nanda who is trained in a tradition which is different: - = 


from that of Svatmirama Siri, differs from the MaAdha- 


viya tradition on two important points. First of all he © 


wants the great toe and not the foot of the extended leg. - 


to be caught hold of in the hooks of the index fingers + 


and not in the finger-lock. Hooks of index fingers aré 
illustrated in Fig. XV and the great toe secured in these 
hooks is shown in Fig. XVI. Secondly he advises Jihva- 


Bandha to be coupled with Kumbhaka and not the re 


three Bandhas. Jihva-Bandha ts to be seen in Fig, XVII, 
and is described in the third volume on pp. 55-6, 


According to the author of Gheranda-Savhitd, 


another important text-book of Hatha-Yoga, Mala and ae 





1 Hereafter our tradition will be designated as Midhavilya. tradition,. because ‘itis. 


handed down to us by our most revered Gurudeva Paramahaisa S'riman MadhavadSaafi 
Maharaja of Malasara. 
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Uddiyana do not form a part of the Maha-Mudra tech- 
nique. He advises only Jalandhara-Bandha, the same 
being, however, characterized by Bhrimadhya-Drishti 


or gazing at the meeting point of the eyebrows.! (Vide 
Fig, XVIII). 


The tradition of S'iiva-Samhitd, a third noteworthy 
text-book of Hatha-Yoga, stands for the simplest tech- 
nique. It prescribes only Jalandhara, omitting both 
Uddiyana and Mila, this Jalandhara not requiring Bhrii- 
madhya-Drishti. 


A comparison? of the techniques prescribed by the 
different traditions noted down here, will show that the 
Madhaviya tradition makes the practice of Maha-Mudra 
most difficult. The Madhaviya technique is, however, 
the most perfect of the lot. It owes this perfection to 
the inclusion of Uddiyina which all other traditions omit 
from their techniques. Uddiyana is acknowledged by all 
Hatha writers to be of special value in awakening Kun- 
dalini> which is also the aim of Maha-Mudra. Hence 


—_—— nn ne ee ee em ee 





1 Gheranda-Sambilé does not very clearly say whether the foot of the extended leg 
is to be caught hold of in the finger-lock or only the great toe in the finger-hooks. The 
words it TITAS: would mean both, according as we take the word age in the 
cornpound to be in the singalar or plural, The singular would show that only the great 
toc is to be hooked in the index fingers, as shown in Fig. XVI. But the plural would 
mean that all the toes are to be held in the finger-lock, Fig, IX shows the position 
of the finger-lock when the toes are caught hold of, whereas Fig, X represents the 
position of the lock, when it takes hold of the foot. In cither case the pull must be 
felt throughout the posterior muscles of the extended leg. The form HE (sing.) is 
obviously a mistake. It should be Tl: (dual), meaning in doth the hands and not in 
one hand. 

2 Itisto be carefully remembered that this paragraph and its foot-note are written 
in order to institute a comparison between the Madhaviya and other techniques of 
Mahi-Mudra, There is absolutely no intention of comparing either the efficacy or the 
respectability of the different traditions. 

3 There is a special Mudra called S’aktichalana (S’a&ti, Kundalini, and Chdlana, 
awakening) intended for rousing Kundalini. There is also a special practice of Pranayama, 
for the awakening of Kundalini, When our readers will study the techniques of these 
exercises in detail, they will find that these exercises have been incorporated in Maha- 
Mudri in foto. As Uddiyana forms an integral part of these twoexercises incorporated in 
Mahi-Mudra it is but natural that it should form a part of the Mah&-Mudra technique. 
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our readers will see the propriety of Uddiyana forming 
a part of the Maha-Mudra technique as the Madhaviya 
tradition requires it. 
POINTS! OF STUDY :— 
(a) The Nervous System :— 

Speaking physiologically the principal aim of this 
Mudra is to tone up the nervous system, both the central 
and the sympathetic. This is done by inducing a rich- 
er blood supply to the nervous system either by pressure 
changes in the viscera or by exercising the muscles in 
which the nerves are imbedded. Here we have to 
remember the following anatomical and physiological 
facts. An overwhelmingly large portion of the nerve- 
cells, is situated in the brain, in the spinal cord, near the 
roots of the spinal nerves and in the sympathetic cords. 
The nerves are responsible for conducting nerve energy 
and not for generating it. All the nerve energy is pre- 
duced in the nerve-cells. It is, therefore, clear that the 
nerve-cells must be given a richer and more liberal 
blood supply, if nerve energy is to be produced on a 
larger scale. The real toning of the nerves is secured 
by toning up the nerve-cells. 


Now by far the most important collection of the 
nerve-cells is in the brain, so we must see how this 
Mudra cnables us to send a larger quantity of the arterial 
blood supply to the brain. In our study of the pressure 
changes in Pranayama, we have seen that during Piraka 
and Kumbhaka the pressure in the mediastinal cavity 
becomes much lower than ordinarily. We have also 
seen that the superior vena cava which drains the brain 
of its impure blood, passes through the mediastinal 


— Se 


1 These Potet of Sindy concerning Mabi-Mudia are by mo means complete; Box 
readers will have to study a very large number of physiological facts, before they are 
reatly for a full discussion of the different aspects of Maha-Mudra, 


71 


at 


*e 









YOGA-MIMANSA VOL., V 


cavity before it joins the heart. Now this superior vena 
cava is affected by the-rise of the negative pressure in 
the mediastinum, with the result that it drains the venous ~ 
blood from the brain much more fapidly and success- 
fully than.in the ordinary course of things. This im- 


“proved venous circulation favourably influences the 


arterial circulation which brings to the brain-cells a 
richer and more liberal blood supply. The question as 
to-how far Jalandhara-Bandha would interfere with the 
venous circulation, is of very great importance. We 
shall not, however, discuss it just-at present. 


The other important collections of nerve-cells are in 
the spinal cord, in the ganglia situated near the roots of 
the spinal nerves and in the gangliated cords of the 


5, Sympathetic. That means all these collections of nerve- 


“are situated either in the spine or roundabout it. 


; fe tert spine and the adjacent muscles which hold 


it together, be exercised, a richer blood supply would be 
brought to these nerve-cells. Let us see how this is 
made possible in Maha-Mudra. 


An anterior bent of the spine is required by that 
part of this exercise which corresponds to Paschimatana. 
This anterior bent becomes still more pronounced 
because of Jalandhara and Uddiyana Bandhas. The re- 
peated muscular contractions due to these Bandhas and 
the alternate relaxations, give a very good exercise to the 
muscles surrounding the vertebral column, and inducea 
richer blood flow throughout their tissues. The altern- 
ate contractions and relaxations of the muscles and the 
richer blood supply, tone up the nerves and nerve-cells 
of the spinal cord and of the ganglia inside and outside: 


~~ the spine, whether they belong to the central or the 


sympathetic nervous system. The gangliated cords of 
the sympathetic are specially attended to. Because of 
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Mila-Bandha the lower ends of these cords become 
. frxed up in the pelvis; and then the upward pull given 
to them during the time Uddiyana and Jalandhara are 

maintained, becomes more éffective. The repetition of 

these pulls gives a very good tone to all the ov 
of the sympathetic. va 


(b) The Abdominal and Thoracic Viscera :— 


The intra-abdominal pressure produced in Kum- 
bhaka is further increased by Uddiyina-Bandha. This 
higher pressure in the abdomen and the lower pressure 
in the mediastinal cavity to which a reference has al- 
ready been made, drain the abdomen of the venous 
blood through the inferior vena cava. This. effective 
draining of the venous blood brings a richer supply of 
the arterial blood to the abdominal organs and improves 
their tone. In this way we find that the liver, the 
spleen, the pancreas, the kidneys, the stomach and the 
intestines are all rendered healthier by this exercise. 


It is to be noted here that the intensity of muscle 
contraction is not the same for the right and left parts 
of the abdomen in this Mudra. The position of the legs 
largely influences the abdominal muscles. Thus when 
the left leg is folded and the right leg is extended in 
Mah&4-Mudra, the muscles of the right side of the abdo- 
men will be more contracted than those of the left side. 
This difference in muscle contraction between the right 
and left parts of the abdomen, affects the right and left 
domes of the diaphragm in their movements. Thus the 
right dome will not descend so freely in inspiration as 
the left. The result will be that the left lung will hold 
a larger portion of the inhaled air than the right 

1 This physiological fact has been noted by Brahminanda in his commentary upon 


Hatha-Pradipikd, He says >— Circ baltal qe ae fault + [In this practice the 
inhaled air accttmulates on the left side.] His reference is to the practice of Maha-Modra 


with the lett leg folded. 
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(c} Muscles :-— ? : 

The posterior muscles of the whole body aré power- 
fully stretched. The muscles .of the abdetten and the 
thorax-are also exercised in this Mudra and are conse- 
quentl-toned up. 

GENERAL HINTS — 3 

MahA-Mudra is out and out an exercise in spiritual! 

‘culture, although it has a great physiological value also. 

' Text-books of Hatha-Yoga declare it to be an effective 
means of awakening Kundalini. We shall, therefore, 
first see how a spiritual culturist should develop the 
practice of Maha-Mudra. 


The technique of this Mudra shows that it is a com- 
vied bination of four different exercises— Siddhdsana, Paschi- 
eons 1a, Pranayama and Tri-Bandha?; or we might say 

“SOF six different exercises, if we take the three Bandhas 
separately, into consideration. Moreover, all these: ex- 
~ ercises when’ combined in Mah4-Mudra, become more 
intensive in their practice. Thus the pressure of the 
heel upon the perineum required in Siddhdsana be- 
comes intensified in Maha-Mudra because of the forward 
bent of the body. The anterior curve of the body assum- 
ed in Paschimatana, becomes much more pronounced 
on account of Jalandhara-Bandha in Maha-Mudra. The 
intensity of Kumbhaka is increased because Maha-Mudra 
requires it to be practised with the Bandhas. Lastly 
the Bandhas themselves are intensified on account of 
their combination with Kumbhaka and Paschimatana. 
Because of this intensification of so many exercises 





1 In the Points of Study we have not said anything regarding the spiritual value 
of this Madr&, So far, however, as the practical side of Maha-Mudra goes, a spiritual 
culturist will get ample guidance from the General Hints. 


2. A Simultaneous practice of the three Bandhas, namely, Uddiyana, Jalandhara 
and Mila, is called Tri-Bandha. Tri in Safiskrita means three, 
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-combined in Maha-Mudra, the practice of the Mudra be- 
i, comes extremely strenuous, Spiritual culturists should, 
~ therefore, approach, Maha-Mudra with great caution, and 
~ gave themselves from any tindue:strain that might lead 


to a permanent danger to their body: 0. sy | 


ete 
Se by 


We suggest the following steps preparatory to the” 


practice of Maha-Mudra. The student should first of 
all start with the practice of Siddh4sana and Paschi- 
malana. He should then take to Pranayama without 
Kumbhaka and also to an independent practice of the 
three Bandhas separately. When he finds himself well 
established in these exercises, he should practise Kum- 
bhaka in Siddh4sana and Rechaka-Pfiraka in Paégchi- 
matina. After a time he should begin practising Kum- 
bhaka also in Pagchimatana. This practice of Kum- 
bhaka in Siddh4sana and Paschimatana should be car- 
ried across a good length of time, all the while sticking 
to the practice of the separate Bandhas independently. 
To ert on the safe side, an average man of health should 
spend at least six months in these preliminary practices. 
After this the three Bandhas should be combined with 
Kumbhaka, which should still continue to be practised 
sn Siddhasana. A couple of months’ practice in Kum- 
bhaka with Tri-Bandha, would qualify a student to begin 
the Mahi-Mudra exercise. 


Whenever a student begins to combine the three — 


Bandhas with Kumbhaka, either while practising Prana- 
yima or Maha-Mudra, he should start on a humble 
scale, satisfying himself with not more than six _Kum- 
bhakas per day. Slowly and steadily the number may 
increase, attaining the maximum of eighty. We believe 


this maximum to be sufficient for the purposes of a 


spiritual culturist. 
* 
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A physical culturist, if he at all has a fancy for 
Maha-Mudra, is advised to go through the same steps 
that are recommended to a student of spiritual culture.” 
A physical culturist should, however, never take to 
Uddiyana im¢ombination with Abhyantara Kumbhaka, 

that is, the inspiratory type of Kumbhaka. He must con- 
tent himself with the ordinary expiratory type of Uddi- 
yana. It is also desirable that a physical culturist limits 
himself to twenty-four turns in Maha-Mudra per day. 


The strain involved in this exercise makes it prac- 
tically useless for any therapeutical purposes. It is, 
therefore, desirable that the different exercises of which 
Maha-Mudra is a combination, are practised separately 
for the curative advantage expected to be derived from 

-..» ea the practice of Maha-Mudra, 
- CAUTION — | 

Mahkd-Mudré is available as an exercise only to 
those people who are very strongly built. Hence the 
weak and the invalid should never fall into the tempta- 
tion of practising it, even when Hatha authors give glow- 
ing descriptions of its curative value. 
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Miscellaneous 


A LETTER FROM THE YALE UNIVERSITY 


YALE UNIVERSITY 


INSTITUTE OF HUMAN RELATIONS 
833 CEDAR STREET 
NEW HAVEN. Connecticut 


DEPARTMENT OF PSYCHOLOGY 
Roswell P, Angier, Chairman 


November 10, 1933 


Swami Kuvalayananda, 
Pranavakunja, BORIVLI, 
Bombay, India. 


Dear Mr. Kuvalayananda, 


Mr. Behanan has now been back with us, after his very 
profitable sojourn in India, and we have talked over with 
him in detail the various things that he did and the problems 
that lie immediately before him, and I wish on behalf of the 
Department and of Yale University to express our sincerest 
appreciation of the facilities that were given him in his study 
of Yogic practices. Mr. Behanan has a very deep affection 
for you and is full of gratitude for the untiring attention and 
help that you gave to him. This sense of gratitude is also 
felt by the Department of Psychology at Yale University. 


Sincerely yours, 


(Sd.) RoswELt P. ANGIER 
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KAIVALYADHAMA 
Donors, Their Classification and Privileges 
CLASSIFICATION OF DONORS 


1 Donors of the Kaivalyadhama are classified as Patrons, 
Fellows, Permanent Members and Syipathizers. 


2 A person that pays a donation of Rs. 2,500 in a lump 
sum or a donation of Rs. 3,000 in three yearly instalments of 
Rs, 1,000 each, is called a Patron. 


3 A person that donates an immovable estate, the same 
being acceptable to the Director of the Agrama, which is worth 
Rs. 5,000 according to the market rate prevailing at the time 
of the donation, is also called a Patron. 


4 A person that pays a donation of Rs. 1,000 in a lump 
sum or a donation of Rs. 1,200 in three yearly instalments of 
Rs. 400 each, is called a Fellow, 


5 A person that donates an immovable estate, the same 
being acceptable to the Director of the Agrama, which is worth 
Rs. 2,000 according to the market rate prevailing at the time 
of the donation, is also called a Fellow. 

6 <A person that pays a donation of Rs. 250 in a lump 
sum or a donation of Rs. 360 in twelve quarterly instalments 
of Rs. 30 each, is called a Permanent Member. 


7 A person that pays a donation which is in value 
smaller than that mentioned in the preceding Section, is call- 
ed a Sympathizer. 


PRIVILEGES OF DONORS 
8 Privileges mentioned in Sections 9 to 16 can be claim- 
ed by the respective donors only after their donations are fully 
paid up. 
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9 A Patron is entitled’ to receive a complimentary 
copy of all the English publications of the Aérama and also a 
copy of the publications i in his own vernacular. 


10 A Patron is”éntitled to have complimentary attend- 
ance for hintsétf’and for any two persons of his recommenda- 
~ tion, at any of the Health Centres run by the Agrama in India. 


11. A Patron is entitled to ask the Head of a Health 
Centre to make arrangements for sending a Demonstrator to 
his residence for giving him exercises according to the con- 
venience of the Agrama, provided always, the Patron pays all 
out-of-pocket expenses of such arrangements. 


12 A Patron instead of claiming the privileges mention- 
_éd in Sections 10 and 11, may, in agreement with the Director, 


: vo Bet as much property, movable or immovable or a portion 


: as is covered by his donation at the market rate, asso- 
Gated ‘with any name of his choice: «. 


13 A Patron who pays a donation one part Of Which is 
large enough to cover the initial and subsequent non-recur- 
ring expenses of an activity of the Agrama, and the other part 
is capable of yielding interest sufficient to defray entirely, or 
at least substantially, the recurring expenses of that activity, 
may, in agreement with the Director of the Agrama, get the 
whole activity associated with any name of his choice. 


14 A Fellow is entitled to receive a ‘complimentary copy 
of all the English publications of the Agrama and also a copy 
of the publications in his own vernacular. | 


15 A Fellow is entitled to have complimentary attend- 
_ ance for himself and for any one person of his recommenda- 
tion at any of the Health Centres run by the Agrama in India, 


16 <A Permanent Member is entitled to have complimen- 
tary attendance for himself at any of the Health Centres run 
by the Agrama in India, 
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KAIVALYADHAMA 


Immediate Needs of the As'rama 


BUILDINGS— 7 ee 
Lonavla ne = .. . Bs. 20,000 ~~ ys 
Bortvli Se a ai » 90,000 
Charni Road ... me an » 25,000 
Kariakeshvar aes Fis on 4 15,000 
Himalayan Centre ae ait » 10,000 

Rs. 100,000 
ey 
Rs. 100,000 

Publication Department ... . = oo, » 22,000 

Library 7“ on aus one » 15,000 

Laboratory oun a ana wi » 25,000 

Current Fund —.. a rT oe - 60,000 

Rs, 225,000 
eee 


Needs of the As’rama for Moderate Development 


BUILDINGS— 
Lonavla a0 a sd Ra. 30,000 
Borivli 1 ee - » 50,000 
Charni Road... == ues si: «50,000 
Kanakeshvar ,.. 00 sus » 25,000 
Himalayan Centro . , 20,000 
One Yogic Spa on Bae » 25,000 
Rs. 200,000 
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Needs of the As'rama for Moderate Development 


BUILDINGS— 
Publication Department 
Library ove 
Laboratory --- 


Dairy and pur Gach: 


Current Fund ied 
Permanent Fund naa 


Needs of the As'rama for Full 


BUILDINGS— 
Lonavla ove a 
Borivli ove -* 
Charni Road ... aca 
Kanakeshvar ... nee 
Himalayan Centre ane 
One Yogic Spa ove 


Publication Department ... 
Library sia aa 
Laboratory 

Dairy and Agricultural Centre 
Current Fund s.. 

Permanent Fund... »-. «+ 





Rs. 


oe ” 
so. ” 
” 
3” 
ase ” 


200,000 
50,000 
30,000 
50,000 
25,000 
60,000 

200,000 


Rs. 615,000 





Rs. 50,000 


Rs 


» 75,000 
». 75,000 
» 50,000 
» 50,000 
» 50,000 


. 350,000 


Rs. 


Development 


350,000 
50,000 
50,000 

200,000 
50,000 

100,000 

600,000 


Rs. 1,400, 000 
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